Nondisjunction, disturbances in spindle structure, and characteristics of chromosome alignment in maturing oocytes of mice heterozygous for Robertsonian translocations.
To correlate the chromosomal constitution of meiotic cells with possible disturbances in spindle function and the etiology of nondisjunction, we examined the spindle apparatus and chromosome behavior in maturing oocytes and analyzed the chromosomal constitution of metaphase II-arrested oocytes of CD/Cremona mice, which are heterozygous for a large number of Robertsonian translocation chromosomes (18 heterobrachial metacentrics in addition to two acrocentric chromosomes 19 and two X chromosomes). Spreading of oocytes during prometaphase 1 revealed that nearly all oocytes of the heterozygotes contained one large ring multivalent, apart from the bivalents of the two acrocentric chromosomes 19 and the X chromosomes, indicating that proper pairing and crossing-over between the homologous chromosome arms of all heterobrachial chromosomes took place during prophase. A large proportion of in vitro-matured oocytes arrested in metaphase II exhibited numerical chromosome aberrations (26.5% hyperploids, 40.8% hypoploids, and 6.1% diploids). In addition, some of the oocytes with euploid chromosome numbers (26.5% of the total examined) appeared to be nullisomic for one chromosome and disomic for another chromosome, so that aneuploidy levels may even be higher than expected on the basis of chromosome counts alone. Although oocytes of the complex heterozygous mice seemed able initially to form a bipolar spindle during first prometaphase, metaphase I spindles were frequently asymmetrical. Chromosomes in the multivalent did not align properly at the equator, centromeres of neighboring chromosomes in the multivalent remained maloriented, and pronounced lagging of chromosomes was observed at telophase I in oocytes obtained from the Robertsonian translocation heterozygotes. Therefore, disturbance in spindle structure and chromosome behavior appear to correlate with the chromosomal constitution in these oocytes and, ultimately, with failures in proper chromosome separation. In particular, reorientation appears to be a rare event, and malorientation of chromosomes may remain uncorrected throughout prometaphase, as we could not find many typical metaphase I stages in heterozygotes. This, in turn, could be the basis for malsegregation at anaphase and may ultimately induce a high rate of nondisjunction and aneuploidy in the oocytes of CD/Cremona mice, leading to total sterility in heterozygous females.